I. INTRODUCTION
HE radio receiver is needed to extract the source of information from the received modulated signal that has been corrupted by noise. It is desired that the receiver output to be a replica of the modulating signal that was present at the transmitter input [1] . In order to achieve this functionality, two main classes of receivers namely the tuned radio frequency (TRF) receiver and the superheterodyne receiver are used.
Most receivers employ the superheterodyne receiving technique as shown in Fig. 1 The RF front end of the receiver or transceiver of this project can be used in a variety of applications mainly in portable wireless devices. The main concern in designing this RF front end will be to optimize all the parameters that affect the performance while keeping it small and cheap. The device should be small in size to meet the current demands and cheap not only for the cost of production but also cost of operating. The device should consume minimum power with the intention that battery life can last longer II where L is the inductance and C is capacitance of varactor. Varactor is a voltage dependent capacitor. Accumulation varactor is used due to the tuning characteristic which is more predictable. The resonant characteristic is very much dependent on the Quality Factor which is determined by resonant frequency timed the ratio of total energy stored and energy dissipation in a cycle. The Q factor obtained is 233. Amplifier transconductance, Gm is essential to determine the oscillation of LC oscillator where Gm is the reciprocal of resonator resistance, Req. With Req of 62 Gm is assumed to be 20mS. Figure 2 [2] shows the variation of control voltage against frequency B. Design of Mixer All mixer types work on the principle that a large LO RF drive will cause switching or modulating the incoming RF to the IF [3] . The design of mixer is based on Gilbert cell mixer with modification made. Degeneration resistors have been added on the source terminals of transistors at transconductance stage to increase the linearity of the mixer. Conversion gain, noise figure and linearity are the major parameters in designing mixer. Table 1 [4] shows the simulation performance of the mixer.
C. Design of LNA LNA is a special type of amplifier with the purpose of amplifying very weak signal captured by the antenna. The signal will then be used in the mixer. The parameters that need to be controlled to optimize the performance of a LNA is the NF, linearity, third-order intercept point (TOI) and provide stable 50 input impedance to terminate unknown length of transmission line.
Scattering parameters which is used to describe the electrical behavior of linear electrical networks were measured. There are four types of S-parameter, S11, S12, S21, S22 which are input return loss, output return loss, gain, and magnitude of the reverse gain respectively. Table 2 [5] shows the LNA specification obtained.
D. Circuit Compatibility
The quiescent dc conditions were checked and the dc value at the output of VCO and LNA, and input of mixer were found to be 946mV, 0V and 0V respectively. LNA and mixer both have 0V so that they are compatible to each other and can be connected directly. The deviation of dc output of VCO is too large compared to the dc input of the mixer. The acceptable range of the deviation is within 100mV.
The solution to this dc bias upset is to insert an appropriate capacitance as decoupling capacitor. Decoupling capacitor was added to both output of the VCO while the gates of the mixer connecting to VCO output were grounded with a 50ohm resistance. These steps were to make the VCO output compatible with the mixer input. Fig. 3 shows the connection of the decoupling capacitor and 50ohm resistor into the circuit. C4 and C5 are the decoupling capacitor while R8 and R9 are the resistor connecting to the gate of the mixer.
The value of the capacitor has to be appropriate with the intention that the property of the VCO does not change. The previous result of VCO simulation shows that control voltage is inversely proportional to the frequency of the VCO [9] . Therefore to determine the value of the capacitance the control voltage is set to the minimum value. Control voltage of 0.4V is used instead of 0V because the voltage below 0.4V is not stable. The VCO frequency obtained from the simulation is the maximum frequency obtainable by using the particular capacitance value. Fig. 4 shows the variation of the capacitance value with the frequency output of the VCO. The capacitors 1pF and 2pF can achieve maximum frequency above the VCO frequency 
E. Circuit Combination
The output of the LNA is connected to the RF input port of the mixer while the output of the VCO is connected to the LO input port of the mixer. The Vout after the bandpass filter is the output of the RF front end which is the intermediate frequency (IF) . The block of the RF front end is shown in Fig.  5 . Port LO1 and LO2 of the VCO are connecting with the same port of LO1 and LO2 of the mixer. Port RF2 of the LNA is connecting with port RF2 of the mixer.
The single output LNA is connected only to the second RF input of the mixer while the other RF input of the mixer is grounded. The single output LNA cannot be connected to both the RF input of mixer because it means applying a common mode signal to the mixer which is supposed to give a zero output. For the VCO, both the outputs of the VCO are connected to both the LO inputs of the mixer. The 500 ohm load impedance at the end of the bandpass filter was designed to match to an off-chip component.
Harmonic Balance simulation was done to obtain the output of IF frequency. Control voltage of the VCO was set to be 1.4277299355V in order to obtain the exact oscillation frequency of VCO to be exactly 2.25GHz down to Hertz as shown in Fig. 4 . This is only for simulation purpose to obtain a better result as this control voltage value is impossible to be applied in an analog circuit. Fig. 7 shows the Harmonic Balance simulation for determining circuit noise. The port source (P_1Tone) for LNA and the output termination (Term) for IF is needed for noise figure simulation. Another port source is the OSCwPhNoise for VCO where this port source integrates the effects of oscillator phase noise for actual noise figure simulation. The function of the balun is to convert differential inputs and output of the mixer to single-ended inputs and output impedances. 50 ohm is used to match the source impedance to optimize the power-handling capability of a coaxial cable. The 500 ohm impedance is for matching to an off-chip component.
For this nonlinear noise analysis to perform noise calculation, the Option-Temp component as in Fig. 5 is used to establish a global simulation temperature of 16.85 o C or 290K. This temperature is the standard temperature for noise figure measurement as defined by IEEE definition for noise configuration. The single sideband noise figure (NFssb) and double sideband noise figure (NFdsb) are 23.362dB and 20.283dB respectively. This high noise figure is due to phase noise injected by the local oscillator. NFdsb is approximately 3dB better than NFssb due to both the IF and image carriers are taken into account on the NFssb.
G. Third Order Intercept Point
The last part of circuit simulation is the third order intercept point as shown in Fig. 8 . Two RF carriers were set to fspacing/2 which is 50 kHz above and below RF_freq of 2.5GHz where fspacing was set to a frequency of 100 kHz. The function IP3out was used to calculate the IM3 of the mixer. Fig. 9 shows the two plots of all mixing products and harmonic attenuated by the IF bandpass filter and the two input carriers together with their IM3 products. 
